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On the southern coast of Australia one of the principle impacts of climate change will be a change in wave magnitude 
and direction resulting from intensification of the Southern Ocean storm systems. In Victoria, Australia, this is likely 
to cause significant change in sediment dynamics and possible shoreline re-orientation. In this paper, Port Fairy 
(western coast of Victoria) is used as a case study to explore the sensitivity of this embayment to changing wave 
climate conditions. Bed level change rates and spatially variable sediment transport rates are investigated. The results 
indicate that a southerly shift in the wave climate could intensify sediment transport processes and erosional patterns 
in this area.  
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           INTRODUCTION 
Coastal environments are increasingly under pressure from 
climate change, with changes in climate drivers leading to 
increased erosion and flooding in vulnerable locations (IPCC, 
2013). Much of the focus to date has been on sea-level rise, with 
limited consideration of changes in the wind-wave climate and 
particularly, wave direction, in future projections (IPCC, 2013; 
Ranasinghe, 2016; Morim et al., 2019). Studies have shown 
however that the wave direction and variations there of 
significantly influence sediment transport processes and 
shoreline instability and have been projected, in some instances, 
to exceed the impact of sea-level rise (Hemer et al., 2013; 
O’Grady et al., 2019). Estimates of future wave climates are 
now beginning to emerge, and even with high levels of 
uncertainty, it has been approximated that 50% of global 
coastlines will experience changes in wave conditions (Hemer et 
al., 2013; Morim et al., 2019). On the southern coast of 
Australia, waves are predicted to intensify and become more 
southerly due to a poleward shift in the Southern Ocean storm 
system (Hemer et al., 2013; Morim et al., 2019; Young and 
Ribal, 2019). In Victoria, this is likely to alter sediment 
dynamics and cause shoreline re-orientation, where the majority 
of sediment compartments face due south (Thom et al., 2018). 
Understanding and predicting the highly dynamic nature of 
coastal environments, such as the Victorian coastline, is 
necessary if vulnerable areas are to be managed sustainably. One 
of the challenges is the lack of data, such as local wave 
conditions, to inform how these systems behave and to drive 
numerical models. However, significant steps forward are being 
made to improve our process-based understanding in Australia, 
with the development of State managed programs, such as the 
Victorian Coastal Monitoring Program (VCMP). The VCMP 
was formed to address community concerns of present and 
future coastal risks by “providing communities with information 
on coastal condition, change, hazards, and the expected longer-
term impacts associated with climate change that will support 
decision making and adaptation planning” (DELWP, 2019). A 
key component is coastal compartment modelling and 
visualization, which is being used to understand and predict 
future shoreline morphodynamics. Modelling the entire 2500 km 
coastline is a significant challenge given its spatial extent, lack 
of measured wave conditions and the variety of environmental 
conditions that influence different parts of this system. For this 
reason, key sites of interest have been selected (e.g. Port Fairy), 
based on stakeholder workshops and historical erosion records. 
In this paper, the morphodynamics of the Port Fairy 
embayment in western Victoria are explored using the Delft3D 
modelling suite that is driven largely with data collected by the 
VCMP. The model is used to highlight hotspots of 
morphological change under baseline (current) wave conditions 
and to investigate the site’s sensitivity to shifts in the dominant 
wave direction, in terms of patterns of sediment transport. 
 
STUDY AREA 
Port Fairy is a sandy coastal embayment on the western side 
of the Victorian coast (Figure 1), approximately 290 km west of 
Melbourne. The bay faces a southeasterly direction and has a 
shoreline length of approximately 5.8 km that consists of a long 
sandy beach, defined at the northeastern and southwestern end 
by Reef Point and Griffiths Island, respectively (Figure 1). 
Sediment and shoreline dynamics in Port Fairy have undergone 
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significant changes in the past seven decades with major 
infrastructure development in the littoral zone. The reduction in 
sediment supply afforded by these interventions have resulted in 
erosion hotspots, particularly along central East Beach, as well 
as the exposure of a historic town tip (Flocard et al., 2013). A 
seawall protects ~2 km of East Beach but extensions to the 
structure have occurred periodically and further upgrades have 
occurred (CES, 2013). Unprotected sections are reportedly 
receding at a rate of between 0.1-0.3 m/year, equating to 
sediment volumes of ~3,300-4,600 m3/year (Flocard et al., 
2013). Gross sediment transport is spatially variable and has 
been estimated at between ~40,000 m3/year to ~130,000 m3/year 
(Flocard et al., 2013). 
The wave climate along the southern Australian coast is 
dominated by a southwesterly direction, but is further influenced 
by extra-tropical cyclones which track from west to east (Hemer 
et al., 2008). The latitude of these cyclones is influenced by the 
shift in the Subtropical Ridge, from 45oS during summer months 
to 35oS during winter months. This leads to greater westerly 
wave orientations during winter and a more dominant southerly 
direction during summer, although further variations occur at the 
site-level (Hemer et al., 2008). In Port Fairy, wave propagating 
from the dominant southwesterly direction are partly obstructed 
by Griffiths Island which shelters the southern end of the 
embayment but leaves the northern end exposed to wave action. 
 
METHODS  
The Delft3D numerical modelling suite was used to conduct 
this study. The model consists of several integrated modules that 
can be used to simulate hydrodynamics, sediment transport and 
morphological change. The Delft3D-FLOW and -WAVE 
modules of Delft3D version 4.04.01 were used for this study, 
which were coupled to simulate the effects of flow and wave 
processes on coastal morphodynamics in Port Fairy. The 
Delft3D-FLOW (Lesser et al., 2004; Hydraulics, 2011) module 
is the principal component used to generate hydrodynamic flow 
and by enabling sediment transport processes, morphological 
change can occur as a result (Lesser et al., 2004). The module 
solves the unsteady shallow-water equations, used in two-
dimensional (depth-averaged) mode for this study. The principle 
equations include the horizontal momentum equation, the 
continuity equation, the transport equation and a turbulence 
closure model, further details for which can be found in Lesser 
et al. (2004). Delft3D-WAVE uses the SWAN model to 
generate wind-wave processes, including their transformation 
across the model domain (Deltares, 2014). SWAN is a spectral 
wave model which is based on the wave action balance equation 
(SWAN, 2014). 
Three model domains were constructed: (Figure 1b) a coarse 
Delft3D-FLOW model covering the area between Portland and 
Port Campbell, and a nested finer model consisting of a coupled 
Delft3D-FLOW (Figure 1c) and Delft3D-WAVE (Figure 1d). 
Each model is setup with distinct domains and input files, but 
which execute sequentially at defined time intervals and share 
output data via a communication file. All models are run for a 
duration of 1 month between 01/10/2018-31/10/2018, to 
represent the modal southwesterly wave conditions in this region. 
Each of the domains and their discrete setups are described 
subsequently. 
The coarse Delft3D-FLOW domain (Figure 1b) was setup on 
a Cartesian rectangular grid of regular grid cells at a resolution 
of 250 m, covering an area of approximately 107 km between 
Portland in the west and Port Campbell in the east and extends 
offshore by approximately 35 km. Bathymetric data was taken 
from the Australian Bathymetry and Topography Grid dataset 
(Geoscience Australia, 2009), through the Delft Dashboard 
interface, which is compiled of multiple datasets to achieve a 9 
arc second (~250 m at the equator) resolution (Whiteway, 2009). 
The hydrodynamics were driven with tidal forces derived from 
TPXO 7.2 Global Inverse Tide Model (Egbert and Erofeeva, 
2002). The model uses TOPEX/Poseidon altimeter data to 
generate amplitudes for eight primary (M2, S2, N2, K2, K1, O1, 
P1, Q1), two long period (Mf, Mm) and three non-linear (M4, 
MS4, MN4) harmonic constituents (Egbert and Erofeeva, 2002). 
To achieve a courant number less than 10, the model timestep 
was set at 30 seconds. 
The finer Delft3D-FLOW domain (Figure 1c) is nested within 
the coarser grid (Figure 1b), to simulate increased detail within 
the Port Fairy embayment. This model was setup on a Cartesian 
rectangular grid, with a total longshore distance of 6.5 km and 
cross-shore distance of 3.5 km to cover the entire Port Fairy bay 
from Griffiths Island to Reef Point. The grid is orientated to 
~40o to align the grid parallel to the bay. The resolution of the 
grid increases along the y-axis towards the shoreline, from 25 by 
25 m offshore to 25 by 15 m resolution at the shoreline. The 
DEM was derived from the VICMAP dataset, which is available 
in coastal areas at a resolution of 1 m (DELWP, 2009). The 
dataset was interpolated onto the grid using the software 
package QUICKIN (version 5.03.00.59149), available as part of 
the Delft3D modelling suite. A spatially variable grain size (D50) 
was mapped onto the domain, interpolated from sediment data 
collected as part of the VCMP. A spatially uniform wind field 
was applied to the Delft3D-FLOW domain, using time-series 
data acquired from the Port Fairy weather station that records at 
9 am and 3 pm each day (Bureau of Meteorology, 2018) The 
models hydrodynamics are derived from input boundary 
conditions from the coarser Delft3D-FLOW model (Figure 1b) 
and from the coupled Delft3D-WAVE model (Figure 1d). 
Online coupling of the Delft3D-WAVE (Figure 1d) and -
FLOW domain (Figure 1c) was performed to enable dynamic, 
two-way wave-current interactions. The coupling was initiated 
every 60 minutes. The Delft3D-WAVE model was forced with 
wave spectra data from the Port Fairy Spoondrift directional 
wave buoy that is deployed approximately 3 km offshore, 
corresponding with the offshore boundary of the model domain 
(Figure 1d) (VCMP, 2019). Data is collected approximately 
every 30 minutes, providing a time-series of spectral wave 
conditions over the duration of the simulation. The coupled 
Delft3D-FLOW-WAVE model operated on a timestep of 6 
seconds, to achieve a courant number less than 10. 
An ensemble of runs with varied wave conditions were 
completed by perturbing the wave direction from the wave buoy 
data. The results presented here show perturbations of the wave 
climate by +10o, representative of potential future changes.  
It is acknowledged that higher resolution bathymetry data is 
currently being collected as part of the VCMP, which (when 
available) will improve the quality of the model set-up and will 
likely influence outputs. Further data improvements will also be 
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made through the VCMP, including from further sediment 
sampling and the deployment of additional buoys along the 




Figure 1. Location map for Port Fairy (a), bathymetric map of the coarse 
Delft3D-FLOW model (b), digital elevation model of the finer Delft3D-




The model results show that there are hotspots of erosion and 
sedimentation in Port Fairy bay, under all wave climate 
scenarios. However, the intensity of change differs according to 
the positive or negative rotation of the wave climate. 
 
Sedimentation and Erosion Hotspots 
Under normal wave climate conditions, hotspots of erosion 
and sedimentation are concentrated around Griffiths Island at the 
southernmost point of East Beach and Reef Point at the 
northernmost point. Around the head of Griffiths Island, bed 
level lowering of up to 2.5 m over the simulation period is 
observed (Figure 2). Shallowing of the bed by up to 2 m occurs 
further west into the bay near Lighthouse Beach (Figure 2). A 
strong correlation is found between changes in bed level at these 
two sites, with a coefficient value of -0.87 indicating that 
lowering at Griffiths Islands is related to shallowing at 
Lighthouse Beach which could be suggestive of sediment 
transport pathways in this area. A significant change in bed 
elevation in these areas occurs at Griffiths Island from 
9/10/2018 and at Lighthouse Beach on 10/10/2018. The timing 
of these morphological changes is coincident with the day when 
the strongest wind speeds and gusts occurred in the bay during 
October 2018, interestingly approaching from the SE and ESE 
direction, which follows the lowest recorded wind speeds. The 
wave conditions further contribute to bed level changes 
observed, with correlation coefficients of 0.7 and 0.63 calculated 
between bed level change at Griffiths Island and the significant 
wave height and wave direction respectively. 
At the northern end of the bay towards Reef Point, the 
nearshore profile shallows by up to 1.2 m and offshore (500 m), 
marginal lowering of the profile by up to 0.4 m is observed 
(Figure 2). These changes are coincident with the previously 
noted morphological changes at the southern end of the bay 
from 10/10/2018 and an analysis of the wave climate reinforces 
the relationship between this activity and changes in the wave 
direction and height. Bed level changes are also observed in 
bands along much of the shoreline, with lowering observed 
landward and shallowing seaward (Figure 2). The greatest 
change occurs within the centre of the bay, with up to 0.2 m 




Figure 2. Bed level change observed in the coupled Delft3D-WAVE-




Sediment transport rates were calculated at 15 sites along the 
modelled shoreline (Figure 3). The greatest transport rates are 
found in the center of East Beach (sites 7-8), averaging 500,000 
m3 / year and the lowest are found at the northern and southern 
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extremities (sites 1 and 14), averaging 201 m3 / year. The 
greatest transport rates are found at identified shoreline erosion 
and accretion hotspots along the shoreline. 
 
 
Figure 3. Spatially variable, relative sediment transport rates in Port 
Fairy bay. Results with a positive rotation in the wave climate are in 
grey in the bar chart, normal conditions in dark red and a negative 
rotation in light red. 
 
 
Changing Wave Direction 
Perturbing the wave direction by -10o (+10o) from normal 
conditions intensifies (lessens) bed level change relative to 
normal wave climate conditions (Figure 4, Figure 5). A 
southerly shift in the wave climate (-10o) increases bed level 
lowering by 0.30 m around Griffiths Island and by 0.05 m 
offshore of Reef Point. Increased shallowing occurs near 
Lighthouse Beach and along the shoreline near Reef Point, by an 
additional 0.15 m and 0.10 m respectively relative to change 
under normal wave conditions. Altering the wave direction to a 
more westerly approach (+10o) reduces the intensity of bed 
lowering or shallowing in the bay, although the pattern of 
change remains consistent relative to normal wave conditions. 
Lowering of the bed is lessened by 0.40 and 0.06 m around 
Griffiths Island and offshore of Reef Point respectively and 
shallowing in reduced by 0.15 and 0.20 m at Lighthouse Beach 
and along the shoreline of Reef Point, respectively. Bed level 
changes along the shoreline show a negligible difference 
compared to the baseline scenario, when the wave direction is 
altered.  
Spatial variations in sediment transport rates under changing 
wave directions are consistent with patterns found under normal 
wave conditions (Figure 3). Each of the 15 sites rank identically 
under normal and perturbed wave conditions. However, 
variations are still found at each location. Relative to the 
baseline simulation, 60% of the 15 sites sampled show lower 
rates of sediment transport when there is a positive rotation in 
the wave direction (westward) and the 40% that show greater 
transport rates are concentrated in the center of East Beach. A 
negative rotation in the wave climate (southerly) results in an 
increase in sediment transport rates at 66% of the sites relative 
the baseline, not limited to the central shoreline but occurring 
along its length. It is also found that a negative rotation leads to 




Figure 4. Bed level change with -10o rotation in the wave direction 




Figure 5. Bed level change with +10o rotation in the wave direction 




Spatial patterns of sedimentation and erosion observed under 
normal wave conditions and under +10o shifts in the wave 
direction from the baseline, highlight areas of relatively 
significant sediment dynamics in Port Fairy bay. The results 
show that hotspots of erosion and sedimentation are consistently 
found around the extremities of the bay, at Griffiths Island and 
Reef Point and along the central shoreline. The location of these 
hotspots is consistent with previous studies which in particular, 
evidence shoreline recession along the shoreline in the centre of 
the bay and sediment accumulations at Lighthouse Beach near 
Griffiths Island (Aurecon, 2010; Flocard et al., 2013). 
Quantitatively, the results show that climate driven changes in 
the dominant wave direction in Port Fairy bay could alter the 
magnitude of sediment transport processes that in turn, influence 
sedimentation and erosion patterns. In particular, a southerly 
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shift (-10o) in the wave direction exposes a larger stretch of the 
shoreline to waves with a longer fetch, as the wave shadow 
effect at the southern end of the shoreline is reduced. As a result 
of a negative rotation of the baseline wave climate, increased 
sediment transport rates are observed along a high percentage of 
the shoreline and hotspots of erosion and sedimentation are 
enhanced across the bay. Under current projections, the southern 
coast of Australia is expected to experience a more southerly 
wave climate due to changes in the location of the Southern 
Ocean storm systems (Hemer et al., 2013; Morim et al., 2019). 
It is important to note that the intensity of waves are also 
expected to increase and henceforth, this will be the focus of 
further investigations. 
The greatest difference in bed level changes between the 
baseline wave climate and shifts in wave direction occur at the 
head of Griffiths Island, being the region that is most exposed to 
the dominant wave direction (southwest). A relationship 
between erosion patterns at this headland and accretion at 
Lighthouse Beach is also found, highlighting sediment transport 
pathways within the embayment. 
Transport rates are spatially variable within Port Fairy, owing 
to wave shadowing at the southern end of the bay and the 
varying availability of sediment along the length of the shoreline 
(Flocard et al., 2013). Whilst the greatest rates of change 
(observed along the central shoreline) are within order of 
magnitude, sediment transport rates are higher than those 
estimated by previous modelling efforts (Flocard et al., 2013). In 
order to validate these estimates, rates of sediment transport 
would need to be sampled at the sites. Differences observed 
between model results could be due to model set-up, run 
durations, spin-up time, time periods modelled, the inclusion of 
different environmental conditions or the input datasets used. 
 
CONCLUSIONS 
This paper presents results from an investigation into the 
sensitivity of Port Fairy bay to a changing wave climate. This 
site has already been identified as a hotspot for erosion and 
shoreline change along the Victorian coast. This study gives an 
insight into how this coastal system might respond to future 
climate change scenarios over the relatively short-term. The 
results show that a change in the dominant wave direction could 
alter sediment transport processes and in particular, a southerly 
shift in the wave climate, as predicted under future climate 
change scenarios, could lead to increased rates of sediment 
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